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ABSTRACT 
Living organisms are being exposed to ionizing radiation since its existence from sources like   
cosmic rays, terrestrial radio nuclides which occur in the earth’s crust, in building materials, in 
air, water, foods and in the human body itself. Cosmic rays are more intense at higher altitudes 
and the concentration levels of 238U and 232Th in soils are elevated in localized areas. Building 
construction materials of houses, the design and ventilation systems strongly influences the 
doses due to indoor levels of the radioactive gas radon and its decay products, which contributes 
significantly to through inhalation. Periodic review of the dose values reported here are very 
essential to understand the contribution to the background radiation sources. Brief account and 
comparison of the dose rates arising from natural and manmade sources to the Indian population 
are presented. 

Key Words : Background radiation, Dose rate, Sources, Ventilation, Indian population 
 

INTRODUCTION 
Natural radioactivity present on the earth’s 
crust belongs to virgin and modified sources. 
Virgin sources are cosmogenic or primordial 
and have existed on the earth since primordial 
times. Modified sources are from activities like 
uranium mining, usage of fossil fuel, 
production of fertilizers or naturally occurring 
radioactive materials used for building 
construction.1 Later is known as 
Technologically Enhanced Natural Radioactive 
Materials (TENORM). Sources of manmade 
radiation include nuclear fuel cycle operation, 
nuclear weapon tests, medical and industrial 
applications of radionuclides. Extent of 
exposure to these sources depends on 
Occupation, type of dwelling, location of 
habitation, life style and level of medical care 
one receives.2 Exposures due to natural 
radiation are important because it accounts for 
the largest contribution (nearly 53%) to the 
total collective radiation dose to the world 
population.3, 4 
Major contribution of doses from normal 
background regions arises from the inhalation 
of 222Rn, 220Rn and their progenies. 222Rn and  

220Rn gases are ubiquitous and are produced in 
the course of decay of 238U and 232Th series. 
Being inert gases, they escape into the 
atmosphere by diffusion and advection. They 
emanate from soil and walls of the buildings. 
Relatively constant exposure to population at a 
location is the distinctive characteristics of this 
mode of exposure.5,6  
Virgin sources arising from cosmic radiation 
consists of protons (85%), alpha particles 
(14%) and about 1% from nuclei of atomic 
number between 4 and 26. These particles are 
highly penetrating and have high energy. 
Attenuation in the atmosphere decreases the 
flux of the cosmic rays on the earth’s surface. 
As a result of this, the cosmic ray exposure 
becomes double for every 1500 meters above 
the earth’s surface. Cosmic rays are dominant 
source of ionization in the atmosphere from an 
altitude of 70 km down to around 1 km. Below 
this the ionization produced by cosmic ray is 
comparable to that of airborne and terrestrial 
radioactivity. At sea level nearly 80% of 
ionization is caused by natural radioactivity, 
mainly by the emission of alpha particles from 
airborne radionuclides. Cosmic rays contribute 
mainly to the external exposure. Attenuation of  *Author for correspondence 
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cosmic rays is also caused by buildings, which 
results in reduction up to 20% in the cosmic 
ray exposure indoors. Numbers of radio 
nuclides are produced by cosmic radiation 
through the interaction of the heavily charged 
particles coming from outer space, with the 
atmosphere, which contribute to the natural 
radiation exposures. Some of the significant 
cosmogenic nuclides thus produced are 3H, 
7Be, 14C and 22Na which contribute mainly to 
internal exposure through inhalation.5,6 In view 
of this an attempt has been made to measure 
and study the back ground gamma radiation 
levels in and around Bangalore city, India. 

MATERIAL  AND  METHODS 
Environmental radiation survey meter 
Extensive study on background gamma 
radiation levels in and around Bangalore city is 
been carried out by using the new RDS-31S/R 
Multipurpose survey meter, (MIRION 
Technologies, Health Physics Division, 
Germany) continues the line of RADOS 
(Trade Name) survey meters offering modern 
design and approach to radiation monitoring. It 
is a battery operated instrument using an 
energy compensated GM tube as primary 
detector. This instrument detects the gamma 
radiation ranged between 48 KeV and 3 MeV. 
Digital pressure calibrator 
Microprocessor based absolute digital pressure 
calibrator (Model PSI PC) used for barometric 
pressure measurement with multipoint 
linearization and selection of any pressure unit 
with a key. The digital pressure calibrator is 
manufactured by Polltech instruments, 
Mumbai, India. The resolution of the 
instrument is 0.1 mm Hg and works in the 
range of 0 to 760 mm Hg with an accuracy of 
 0.1%. 
Thermo-hygrometer 
High accuracy thermo-hygrometer is used for 
the measurement of temperature and relative 
humidity, manufactured by E+E Elektronik 
Corporation, USA. The resolution of relative 
humidity and the temperature of the instrument 
is 0.1 % RH and 0.1 C respectively and with 
accuracy at 20 C,   2% RH and  0.3 C 

respectively. The sampling rate of instrument 
is 10 seconds, the working range of 
temperature is -5 to 55 oC and the range for 
relative humidity is 10 to 95%. 

RESULTS  AND  DISCUSSION 
Back ground gamma radiation levels were 
measured by using RADOS. Thirteen different 
rooms of different features such as big room 
(700 m3), small room (20m3), good ventilation 
(10 windows) and poor ventilation (nil 
windows) were selected in Government 
Science College, Central part of Bangalore, 
India and the measurement of back ground 
gamma dose rates were carried out for a period 
of five months. Further, the measurements 
were also made in bio chemistry lab, organic 
chemistry lab, inorganic chemistry lab and 
physical chemistry lab of Government Science 
College, Bangalore, India. The volumes of the 
selected rooms were in the range of 20 to 
700m3. The results of indoor pressure, indoor 
temperature and relative humidity of the 
studied rooms varied from 683.5 – 689.5 mm 
Hg, 19.2 – 29.8 C and 32.5 – 64.8 % 
respectively. 
The outcome of the measurements of present 
study on back ground gamma dose rates 
carried out on day wise of different months of 
2012 are shown in Fig. 1.  Linear fit of the 
variation of dose rates for the period of 
February to June 2012 have shown the 
regression coefficient as 0.18, whereas the 
regression coefficient for the exponential 
growth and decay were found to be 0.04 
respectively. For the same set of data normal 
distribution curve is plotted and the area of 
graph was 2.53 with R2 as 0.25. The arithmetic 
mean values of the dose rate for the 
environment of Bangalore Metropolitan varied 
from 1.02 to 1.61 mSvy-1 with AM and GM as 
1.32  0.01 and 1.31   0.01 mSvy-1 
respectively. The results reveal that, the dose 
rates are at alarming level. The arithmetic 
mean values of dose rates for the five months 
are depicted in Fig. 2. Sriharsha et al.,7 have 
done the similar type of measurement for the 
environment of Mysore city, India and 
reported that the dose rates in temples varied 
from 122.7 to 231.4 Gyh–1 with a median of 
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Fig. 1 :  Variation of gamma dose rate on day wise 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 : Monthly variations of dose rates 

130.1 Gyh–1 outside the temples it varied 
from 141.8 to 340.2 Gyh–1 with a median of 
216.2 Gyh–1. In different types of buildings in 
indoor atmosphere it varied from 112.2 to 
197.5 Gyh–1 with a median of Gyh–1 and in 
outdoor atmosphere it varied from 140.9 to 
298.4 Gyh–1 with a median of 216.2 Gyh–1. 
The  external  gamma  dose  rates  have  been  

mapped in India by several studies. A 
countrywide survey on outdoor natural gamma 
radiation levels using Thermo Luminescent 
Dosimeters (TLD) covering about 214 
locations scattered all over India revealed that 
the average external gamma radiation dose8 for 
the country is about 775 Gyy-1. National 
average value is projected as 707 Gyy-1 based  
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on natural radioactivity analysis of undisturbed 
soil samples from more than 30 different 
locations, all over the country, assuming a 
uniform cosmic ray component of                
287 Gyy-1 9,10. Total contribution to the 
natural sources of radiation to the Indian 
population works out to be 2.3 mSvy-1 as 
against the global value of 2.4 mSvy-1 5. 
For the month of February, 2012 the dose rates in 
sports room (40 m3), NCC office (25 m3) and 
accounts office (50 m3) varied from 0.96 to 1.57 
with an AM of 1.18 ± 0.03 mSvy-1, 0.96 to 2.63 
with an AM of 1.49 ± 0.06 mSvy-1 and 1.05 to 
1.66 with an AM of 1.33±0.03 mSvy-1 
respectively. In the month of March, 2012 the 
dose rate in NCC office (25 m3), administration 
office (220 m3), NCC store room (25 m3) and 
managers room (40m3) varied from 0.96 to 1.66 
with an AM of 1.25 ± 0.02 mSvy-1, 1.05 to 1.75 
with AM of 1.4 ± 0.02 mSvy-1, 1.05 to 1.92 with 
an AM of 1.52 ± 0.03 mSvy-1 and 1.22 to 1.84 
with an AM of 1.4 ± 0.03 mSvy-1 respectively. In 
the month of April, 2012 the dose rate in office 
room (40 m3), auditorium (700 m3), chemistry 
store room 1 (95 m3), chemistry store room 2 (95 
m3) varied from 1.05 to 1.66 with an AM of 1.39 
± 0.09 mSvy-1, 0.87 to 1.48 with an AM of 1.16 
± 0.02 mSvy-1, 0.96 to 1.66 with an AM of 1.25 
± 0.02 mSvy-1 and 1.05 to 2.10 with an AM of 
1.25± 0.02 mSvy-1 respectively. In the month of 
May, 2012 the dose rates in new accounts office 
(20 m3), principal’s anti chamber (20 m3) and 
chemistry lab (320 m3) varied from 0.87 to 1.75 
with an AM of 1.3 ± 0.03 mSvy-1, 0.87 to 1.57 
with an AM of 1.2 ± 0.03 mSvy-1 and 0.87 to 
1.66 with an AM of 1.25 ± 0.02 mSvy-1 
respectively. In the month of June, 2012 the dose 
rates in chemistry Lab (220 m3), chemistry staff 
room (20 m3) and NCC office (40 m3) varied 
from 0.87 to 1.57 with an AM of 1.25 ± 0.02 
mSvy-1, 1.05 to 1.84 with AM of 1.35 ± 0.03 
mSvy-1, and 1.05 to 1.84 with an AM of 1.36 ± 
0.03 mSvy-1 respectively.  
Relatively higher values of dose rates were 
observed in the chemistry lab and chemistry staff 
room, this is may be due to the usage/storage of 
chemicals in the laboratory classes, chemistry 
staff room had no ventilation and the volume of 
the room was 20 m3. The similar sets of 
variations were also observed in principal’s anti 
chamber of the college, this is because of the lack 

of ventilation. The lower values of dose rates 
were observed in auditorium and administration 
office, which were well ventilated and the 
volume of these halls were 700 and 320 m3 
respectively.  
Additionally majority of the chemistry labs 
consists of reagents required for semi micro 
qualitative analysis of acid and basic radicals. 
Each group of acid and basic radicals was 
being analyzed using group reagents. 
Confirmation test of acid and basic radicals is 
executed through flame tests, based on the 
colour of the flame the basic radicals were 
identified as sodium, calcium, barium and 
strontium these basic radicals have lower 
ionization energy. During this process the 
energy released in the form of light in the 
visible range with an energy ranging from 
3.1eV to 1.6eV. During chemical reactions due 
to the release of pungent smell, due to the 
formation of new chemical elements, may also 
account for the variation in the dose rates. The 
detailed studies in this regard are in progress. 
The correlation between the arithmetic mean 
values of dose rates and volume of the room, 
indoor pressure, indoor temperature and indoor 
relative humidity are depicted in Fig. 3. Very 
weak correlation is observed, the correlation 
between the arithmetic mean values of dose 
rates and volume of the room, indoor pressure, 
indoor temperature and indoor relative 
humidity were -0.18, -0.39, 0.18 and 0.09 
respectively. Weak negative correlation is 
observed between the dose rate and the volume 
of the room and the pressure of the room 
whereas weak positive correlation is observed 
between the dose rate and temperature and 
relative humidity of the room. As the volume 
of the room increases the dose rate reduces and 
it may be due to the higher diffusion rate. 
The background gamma radiation dose mainly 
depends on the radioactivity content of the 
building materials and soil beneath the house. 
It also depends on the construction materials 
used such as granite, cement, brick and the 
wall paints. Ventilation may ply a little role in 
reduction of dose rates. Since the data is scanty 
to conclude the major parameter that influence 
the back ground gamma dose rate, more data is 
being planned to obtain on the radioactivity 
measurements and to give the correlation with 
respect to the radium content in the materials 
used for construction. The detailed study on 
the radioactivity in soil/building materials,  
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Fig. 3 : Correlation between dose rate and volume, pressure, temperature and  relative humidity 

radon levels and the radon exhalation in these 
rooms are also in progress to assess the      
‘dose due’ to the radon and its progeny levels 
too. Our results are comparable with the earlier 
reported values elsewhere. As human beings 
are in the midst of a radiation environment, 
however low it may be and it is not possible to 
avoid radiation exposure from natural sources 
altogether. All what is needed and is possible 
is to be conscious of this fact with a constant 
endeavor to control the radiation from man-
made sources to levels as low as is reasonably 
achievable. Periodic review of the dose values 
reported in this note is very essential. 

CONCLUSION 
The background gamma dose rates for the 
environment of Bangalore city varied from 1.1 to 
1.7 mSvy-1 with a mean as 1.32  0.01 mSvy-1. 
The results revealed that the dose rates are at 
alarming level and demand the proper control 
measures to minimize the health hazards and the 
detailed investigations on dose rates due to the 
radon in water and air is in progress. Weak 
correlation is observed between the dose rate and 
volume, pressure, temperature and relative 
humidity. Further, thorough investigations on the 
dose rates due to the usage/storage of chemicals 
in the laboratories should be planed and 
performed. 
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